Abstract-Typically, evanescent-field optical fiber sensors utilize tapered fiber structure to enhance the evanescent filed interaction with the sensing medium. A nanostructured sensing layer is applied to further enhance the sensitivity of the sensor. This paper investigates the use of tapered fiber sensor coated with graphene oxide (GO) nano-film. Optimization of the GO layer and the tapering parameters were performed and the sensing capability of the device is tested using different concentrations of ethanol. The sensor demonstrates fast response and recovery to aqueous ethanol when interrogated in the visible region using a spectrometer and light source which is 20 seconds and 30 seconds respectively.
I. INTRODUCTION
Advancements in the field of optical fiber sensing and nanotechnology have resulted in rapid growth in research and development of physical, chemical and biological sensors [1] [2] . This massive progress has resulted in optimization of components and miniaturization of sensors. This make optical sensors to replace traditional electrical sensors and actuators for physical properties such as stress, strain, temperature [3] , pressure [4] , viscosity, corrosion, crack formation, vibration [5] , humidity [6] as well as chemical [7] , biological [8, 9] sensor applications. In addition, numerous researchers have been using fiber optics as a sensor in different ways.
An optical sensor is a device in which the light signal travel through it is modulated in response to a restrained or inducement. This signal variation may be in the form of intensity [10] , frequency, phase [11] , color, polarization or an assemblage of these properties. Fiber optic sensors are considered to be high enactment devices as they fulfill several potentials required for a sensor to be considered in effect and consistent such as high precision [12] , sturdy, dense, easy to use and integrate into existing systems as well as requires low power to operate [13] .
Evanescent waves sensor occur when light travels through the tapered optical fiber area, it will leak of the light energy from its core of fiber to the cladding region [14] . The basic concept of evanescent wave is to introduce perturbation in the fiber core to force the light to go out from the core [15] . This is done commonly by two methods which are tapering and etching the fiber [16, 17] . Tapered or etched optical fiber is reducing the core diameter from its original size. When light propagates through the fiber that has been etched, the light will easily escaped from the core because there is no cladding to confine the light. While in the case of tapered fiber, the sudden change of the diameter size of the fiber will invoke the light to go out from the fiber.
Graphene oxide (GO) comprises of carbon merged with functional oxide groups [18] . GO is commonly used for the enhancement of electrochemical sensors. It is a remarkable material due to its capability of detecting different types of chemicals such as ethanol. High thermal conductivity and large surface-to-volume ratio as compared to other semiconductors are some of the unique optical and physical properties of GO [19] . This paper reported the usage of GO nano-film coated on a tapered optical fiber for sensing of aqueous ethanol. Taking into accounts the advantages of tapered optical fiber and also GO, the sensor response, reliability and repeatability of the sensors is highly anticipated.
II. SENSOR FABRICATION AND SETUP
Commercially purchased multimode fiber with a core and cladding diameter of 62.5 microns and 125 microns respectively was used in this research. Vytran glass processing workstation (GPX 3000 series) was used to taper the multimode fiber to obtain a waist diameter of 50 microns. Figure 1 , was obtained from the camera of the Vytran workstation. The tapered fiber region were then coated with GO using drop casting method. To do this, the tapered fiber was placed in a 70ºC oven for 20 minutes to completely dry the tapered fiber and prepared it for the annealing process. Then 1ml GO of 1.0 mg/mol concentrations was dropped on tapered fiber. These tapered fibers were then returned to the oven for annealing at 70ºC for 1 hour.
The experimental setup of the project is shown in Figure  2 . Ocean optic whitelight source (HL 2000) and spectrophotometer (USB 4000) were used as the input and detector respectively. The tapered fiber was placed in a flow cell and the intensity of the light from the tapered fiber was captured. The spectraSuite software captures and presents the data in a graph.
Fig 1. Tapered fiber tip

Fig 2. Experimental Setup
III. RESULTS AND DISCUSSION
The intensity spectrum of the un-coated tapered fiber was investigated. The un-coated tapered fibers were tested with different concentrations of ethanol, from 0% to 100%. As shown in figure 3 , the intensity decreases as the concentration of the ethanol is increased. This is due to the different of refractive index of ethanol concentration.
Second, the intensity spectrum of the tapered fiber coated with 1.0 mg/mol GO was investigated. The GO coated tapered fibers were tested with different concentrations of ethanol, from 20% to 100%. As shown in figure 4 , for GO coated tapered fiber, the intensity drops as the ethanol concentration increases because the higher the concentration of ethanol combine with the GO, will absorb more light when it travel to tapered or sensing region. The difference in intensity for each concentrations of ethanol is higher than the results from un-coated tapered fiber. These results reveal that the GO coated tapered fiber gives higher sensitivity compared to the un-coated tapered fiber and improves the performance of the sensor. The dynamic response of the sensor was investigated for the un-coated tapered fiber and tapered fiber coated with 1.0 mg/mol GO at the wavelength of 600 to 700nm at room temperature. The sensor showed high sensitivity for tapered fiber coated with 1.0 mg/mol GO than un-coated tapered fiber. The result can be observed from the dynamic response plotted by the spectrasuite software in figures. 5 and 6. Figure 5 show that un-coated tapered fiber did not distinguish the different ethanol concentrations. However, figure 6 shows that coated tapered fiber offers high sensitivity towards ethanol. Its shows that every concentration of ethanol the intensity is drop 10% -30%. The response and recovery time was obtained as 20 seconds and 30 seconds respectively for coated tapered fiber. The main interest of the investigation was to identify the effect of combining tapered optical fiber with 1.0 mg/mol GO as one of the nano materials. We have successfully fabricated a tapered fiber sensor with a graphene oxide (1.0 mg/mol GO) sensing layer to detect ethanol concentrations in water. The sensing performance of the 1.0 mg/mol GO coated on to tapered fiber was compared with the performance of the uncoated tapered fiber at room temperature. The tapered fiber coated with 1.0 mg/mol GO gives a stable repeatable response towards ethanol concentrations as well as high sensitivity. 
